Abstract-In this paper, we propose a novel relay selection scheme for orthogonal frequency-division multiplexing systems by combining conventional bulk and per-subcarrier selection schemes and analyze its outage performance over equally spatially correlated channels. Specifically, the combined selection scheme selects only two relays at the first attempt and performs per-subcarrier selection over these two relays. We analyze the asymptotic outage performance of the combined selection scheme in the high signal-to-noise ratio (SNR) region and prove a generalized theorem. This theorem states that the combined selection can achieve an optimal outage probability equivalent to the per-subcarrier selection at a high SNR without using the full set of available relays for selection. This unique property is termed the equivalence principle, and it holds for all correlation conditions. To explore this principle, we consider three examples: decode-and-forward, fixed-gain amplify-and-forward (AF), and variable-gain AF relay systems. Furthermore, two extended applications, i.e., antenna selection and branch selection, are also considered to reveal the feasibility and the expandability of the equivalence principle. Our analysis is verified by Monte Carlo simulations. The proposed combined selection and the proved theorem provide a general and feasible solution to the tradeoff between system complexity and outage performance when relay selection is applied.
. Illustration of (a) bulk, (b) per-subcarrier, and (c) combined bulk/ per-subcarrier relay selection schemes for a single source, a single destination, and multiple relays, given K = 8, M = 4, and L = 2. The numbers in boxes correspond to the sequence numbers of subcarriers.
available relays are selected according to a certain criterion, and the per-subcarrier selection is performed over these two relays for all subcarriers individually. 1 Its applicability in cooperative networks over independent and identically distributed (i.i.d.) channels is numerically analyzed in [9] . Moreover, a practical implementation scheme of combined selection is proposed in [10] , and a comprehensive comparison among these three selection schemes in superdense networks is provided in [11] . To be more clear, the proposed combined selection scheme as well as the conventional bulk and per-subcarrier selection schemes are shown in Fig. 1 .
Most previous works on combined relay selection assume i.i.d. fading channels, which are practically rare owing to the insufficient physical separations among relays [12] . The performance analysis of combined selection over spatially correlated fading channels is still an open issue. By literature review, a number of relevant correlated channel models can be considered. A comprehensive analysis of outage probability of multibranch selection over spatially correlated fading channels was reported in [13] . A triple-channel correlation scenario is considered in [14] , but it cannot be applied to a general multibranch case with an arbitrary number of parallel branches. The most useful and relevant spatially correlated channel model for our study is given in [15] in which a set of channel gains produced by equally correlated channels can be transferred to a set of conditionally independent channel gains. Employing this model, we are able to analyze the outage performance using conventional analytical tools, e.g., order statistics. Therefore, in this paper, we employ the correlation model proposed in [15] to analyze a general OFDM system applying combined relay selection.
We only consider the equally spatial correlation among channels within the same hop and still maintain the i.i.d. assumption between the channels in two hops, which is different from the cross-hop correlation scenario presented in [16] . This is simply because we assume that all relays are physically stationary over a coherent time interval, so that the correlation produced by Doppler shift between two hops is negligible [16] . We assume a block-fading model in frequency akin to systems that employ a resource block frame/packet structure (e.g., Long-Term Evolution), and hence the i.i.d. assumption in frequency holds. The identical distribution assumption in the same hop is supported by the fact that relays are normally aggregated within a region with a small radius compared with the distance between the source and the destination (also known as a relay cluster) [17] , [18] , and this refers to the widely applied nonindependent and identically distributed fading channel model [19] , [20] .
Overall, the main contributions of this paper are summarized as follows.
• We propose and prove a generalized theorem stating that the combined selection will always be able to achieve an optimal outage performance as per-subcarrier selection at a high SNR over spatially correlated channels, as long as certain general conditions can be provided. In this paper, we refer to this asymptotic behavior as the equivalence principle.
• We provide a generic asymptotic expression for outage probability at a high SNR when applying combined selection.
• We show that this asymptotic expression can be easily applied in a variety of selection scenarios for different relays, namely, decode-and-forward (DF) relay system, fixed-gain (FG) amplify-and-forward (AF) relay system, and variable-gain (VG) AF relay system. Meanwhile, we consider two extended applications different from relay selection to reveal the feasibility and the expandability of the equivalence principle.
The rest of this paper is organized as follows. Section II gives the system model. Then, the asymptotic outage performance of combined selection over spatially correlated channels is generally analyzed and compared with the outage performance of per-subcarrier selection in Section III. Moreover, based on this general analysis, three relay applications are discussed in depth in Section IV. Furthermore, two extended applications are briefly considered in Section V. Then, numerical simulations are carried out, which verify our analysis in Section VI. Finally, this paper is concluded in Section VII.
II. SYSTEM MODEL

A. System Configurations
We consider a typical two-hop OFDM system with K orthogonal subcarriers and M relays from the single source to the single destination. Hence, M K channels in total are constructed at each hop, and for a given subcarrier k, the M channels are equally correlated in space. For the mth relay, the end-to-end SNR transmitted on the kth subcarrier is denoted by SNR(m, k) ∀m ∈ M = {1, 2, . . . , M}, and ∀k ∈ K = {1, 2, . . . , K}. Accordingly, the a priori outage probability without conditioning on any selection can be defined as
where s is the end-to-end SNR threshold; È(·) denotes the probability of the enclosed.
For a two-hop system, there are M channels for a given subcarrier in each hop, which is denoted as h i (m, k), i ∈ {1, 2}. We assume that the channels are mutually correlated with the common cross-correlation coefficient denoted as ρ i (0 ≤ ρ i ≤ 1). Therefore, we can construct the equally correlated Rayleigh fading channel by [15] 
where
, and μ i is the average channel gain at each hop;
. and serve as references to correlate all channels. Hence, ∀m = n, we have
by the fundamental theory of statistics, we have
Meanwhile, how both h 1 (m, k) and h 2 (m, k) are organized in SNR(m, k) depends on the adopted forwarding protocol, i.e., DF, FG AF, and VG AF relaying protocols. Specific relations among SNR(m, k), h 1 (m, k), and h 2 (m, k) are detailed in Section IV.
In addition, we assume that the channel state information (CSI) is perfectly estimated and shared among all communication nodes, 2 and the relaying network operates in a half-duplex protocol so that two orthogonal time slots are required for one complete transmission from the source to the destination. All noise statistics are i.i.d. zero-mean complex Gaussian random variables with variance N 0 /2 per dimension. Meanwhile, we further suppose that equal bit and power allocation schemes are applied so that the average transmit power per subcarrier at the source and at each utilized relay is denoted by P t .
B. Selection Schemes
1) Combined Selection:
As a compromise selection scheme between bulk and per-subcarrier selections, the combined selection scheme first selects two relays according to the following criterion:
where L 2 identifies a pair of relays that can be employed to carry out per-subcarrier selection and |L 2 | = 2; 3 obviously, we have M (M − 1)/2 available options of L 2 in total.
Then, per-subcarrier selection is performed over the two relays in L comb in a per-subcarrier manner by
Therefore, when combined selection is employed, the a posteriori outage probability depending on selection can be defined as
2) Per-Subcarrier Selection: The per-subcarrier selection scheme selects multiple relays (up to K) from M relays in a per-subcarrier manner so that all subcarriers can be forwarded via their optimal relays, and thus the optimal outage performance is attainable. For the kth subcarrier, the selection criterion is thereby
Therefore, when per-subcarrier selection is employed, the a posteriori outage probability can be defined as
Although there exist three commonly used relay selection schemes for OFDM systems, the equivalence principle potentially exists between combined and per-subcarrier selections only [1] . Therefore, we only analyze and compare the outage performances of per-subcarrier and combined selections in the rest of this paper.
III. OUTAGE PERFORMANCE ANALYSIS
A. Conditionally Independent Variable Transformation
As detailed in [15] , we take a similar approach to transform a set of equally correlated random variables into a set of conditionally independent random variables, so that conventional analytical tools, e.g., order statistics, can be applied to analyze them effectively. To do so, we first assume that two references for each subcarrier x i0 (k) and y i0 (k) are fixed and have
, the conditional probability density function 3 We can alternatively employ a three-relay subset L 3 or even a (M − 1)-relay subset L M −1 in this step. All cases will be the same at a high SNR but only with a different convergence rate. However, L 2 is the most representative case, since it is the closest to bulk selection. Therefore, we can later show that as long as one more relay is selected compared with bulk selection (worst case), the outage performance given by combined selection is asymptotic to that of per-subcarrier selection (best case).
(pdf) and the conditional cumulative distribution function (cdf) of |h i (m, k)| 2 are given by [23] 
where I 0 (·) is the zeroth-order modified Bessel function of the first kind; Q(·, ·) is the first-order Marcum Q-function. Meanwhile, the pdf and the cdf of T i (k) can be obtained as
Because ∀i ∈ {1, 2} and k ∈ K, T i (k) are mutually independent, we can thereby derive the joint pdf corresponding to T 1 and T 2 by
Accordingly, we can denote the conditional a priori outage probability as F (s|T 1 (k), T 2 (k)). We can also denote the conditional a posteriori outage probabilities for combined selection and per-subcarrier selection as F comb (s|T 1 , T 2 ) and F ps (s|T 1 , T 2 ), respectively.
B. Asymptotic Outage Performance: Main Results
Here, we present the all-important contribution of this paper. A generalized equivalence principle can be stated as follows.
Theorem 1: If the conditional cdf of the end-to-end SNR, i.e., F (s|T 1 (k), T 2 (k)), can be expanded in the variablē γ = P t /N 0 as
where i 0 is an integer given by i 0 = arg min n∈AE {c n (s|T 1 (k),
} represents a series of functions of s, given
r ∈ AE, then combined selection is able to achieve an outage probability equivalent to conventional per-subcarrier selection asγ → ∞.
Proof: This is a powerful theorem that not only suits twohop relay selection but also can be applied to transmit antenna selection and multihop branch selection by a slight modification (see Section V). We will show the proof of this theorem step by step in the following sections.
1) Combined Selection: Similar to Lemma 1 proposed in [1] , here, we propose and prove a congeneric lemma for the a posteriori outage performance of combined selection in the high-SNR region for relay systems, which is also valid over correlated channels.
Lemma 1: Consider a generic two-hop OFDM system performing combined selection over K orthogonal subcarriers and M relays. By applying the combined relay selection scheme, the worst possible end-to-end SNR has at least the M th smallest value of the total M K end-to-end SNRs.
Proof: We can take exactly the same step as given in [1] for the proof of the first part of Lemma 1 in that paper, but only vary the term "channel gain" considered in multiple-input multiple-output (MIMO) systems to "end-to-end SNR" considered in two-hop cooperative systems. The validity of the proof still holds for this congeneric lemma, because the internal logic of this lemma does not change when considering different diversity systems.
From Lemma 1, it is clear that once an outage event occurs, there must exist at least one subcarrier on which all M endto-end SNRs via M relays drop below the outage threshold. Moreover, it is well known that the outage event is dominated by the deepest fade at a high SNR and is asymptotic to the case in which only one subcarrier on which all M end-to-end SNRs via M relays drop below the outage threshold at a high SNR [24] . Consequently, we have
Therefore, according to (12) , the asymptotic expression for F comb (s|T 1 , T 2 ) atγ → ∞ can be determined by
2) Per-Subcarrier Selection: Similar to the derivation performed for combined selection, according to (7) , the conditional outage probability of per-subcarrier selection can be asymptotically expressed as [25] 
Comparing the same asymptotic expressions given in (14) and (15), it is clear that when both multiply (11) and are integrated by T 1 and T 2 from zero to infinity, they will produce the same asymptotic outage performance as
By (16), Theorem 1 is proved.
IV. ASYMPTOTIC OUTAGE PERFORMANCE ANALYSIS WITH RELAY SELECTION
A. DF Relay Selection
According to [26] , the equivalent instantaneous end-to-end SNR 4 that corresponds to the kth subcarrier and the mth relay using a DF protocol can be expressed as
For brevity, denote
By series expansion, we can determine the asymptotic expression for the conditional cdf of the equivalent instantaneous endto-end SNR for the kth subcarrier at a high SNR as follows:
Proof: See Appendix A. Hence, by (12) ,
Then, by (16) , the unconditional outage probabilities for both selection schemes are determined by
B. FG AF Relay Selection
It is also well known that for an FG AF relay system, the instantaneous end-to-end SNR can be expressed as [27] 
By (8) and (9), we can derive the asymptotic expression for the conditional cdf atγ → ∞ by
Proof: See Appendix B. Consequently,
Therefore, according to (16), we have
C. VG AF Relay Selection
Similarly, the instantaneous end-to-end SNR for the VG AF case can be given by [27] 
Again, performing series expansion atγ → ∞ yields the asymptotic expression for F (s|T 1 (k), T 2 (k)) for VG AF relay systems as
Proof: See Appendix C. Obviously, c i 0 (s|T 1 (k), T 2 (k)) for the VG AF relay system is exactly the same as given in (19) . Likewise, by (16) , the unconditional outage probability in the VG AF relaying network can be determined by
. (27) Note that the unconditional outage probability of VG AF relay systems [c.f. (27) ] is exactly the same as that given in DF relay systems [c.f. (20) ], which aligns with the numerical results presented in [28] . Furthermore, by the definition of the diversity gain, i.e.,
we can see that for all three kinds of relays, the diversity gain is the same value given by the number of relays M . That is, the diversity advantage of combined selection will not be shadowed by different forwarding protocols and channel correlations and is only related to the number of available relays.
V. ASYMPTOTIC OUTAGE PERFORMANCE ANALYSIS WITH OTHER SELECTIONS
As we have analyzed in the previous section, combined relay selection is powerful in terms of its outstanding outage performance and is able to reduce system complexity. 5 Furthermore, the equivalence principle can be applied to other selection scenarios with a slight modification of the proposed theorem, e.g., transmit antenna selection and multihop branch selection. Here, two examples are presented to illustrate the feasibility and the expandability of combined selection in other scenarios. 5 To be more specific, the system complexity referred to here is related to the number of selected relays, because this number is closely related to the selection and synchronization processes [10] . In addition, combined selection will reduce the number of relays that are accessed for transmission compared with per-subcarrier selection, which will bring extra system-level efficiency improvement [11] . 
A. Transmit Antenna Selection With Selection Combining
Here, combined transmit antenna selection is analyzed. Before analyzing, it should be clarified that although combined transmit antenna selection has been analyzed in [1] , it does not consider channel correlation. Therefore, the combined transmit antenna selection with selection combining over spatially correlated channels is first analyzed in our paper.
A typical MIMO system with combined transmit antenna selection is shown in Fig. 2 . Here, M transmit antennas and N receive antennas are considered. Moreover, the received signal is produced by selection combining at the receiver for each subcarrier. For convenience, we assume that the physical separation among receive antennas is large enough so that channel correlation exists only at the transmitter. Therefore, we can assume that the channel from the mth transmit antenna to the nth receive antenna for the kth subcarrier is organized by
where x(m, k, n), y(m, k, n), x 0 (k), and y 0 (k) are i.i.d. as N (0, μ/2); ρ is the cross-correlation coefficient. Again, we can fix x 0 (k) and y 0 (k) and denote ρ) ). Therefore, the average SNR from the mth transmit antenna for the kth subcarrier after selection combining at the receiver is
Hence, we can determine the CDF by
where By the combined selection criterion given in (3), we can perform the similar derivation process for MIMO systems to derive
Moreover, by (28), we can obtain the diversity gain in this scenario as MN. Fig. 3 shows a multihop DF relay system with branch selection in which W hops are considered [29] . For the wth hop given w ∈ W = {1, 2, . . . , W }, we can extend the system model constructed for a two-hop DF relay system and obtain the conditional distribution of h w (m, k) in terms of ρ w , μ w , and T w (k). Meanwhile, because the outage event in a multihop DF system is dominated by the worst channel condition among all hops, we can define the equivalent instantaneous end-to-end SNR for the mth branch and the kth subcarrier by
B. Multihop DF Branch Selection
By performing a similar derivation as previously given for the DF relay systems, we have
Again, applying the combined selection scheme given in (3) with respect to SNR(m, k), we deduce where {g w } is a set of nonnegative integers satisfying
Furthermore, we can derive the diversity gain similarly as above for the DF relay case and obtain d o = M in this multihop case. This indicates that the increase in the number of hops will not affect the diversity gain of a DF forwarding network.
VI. NUMERICAL RESULTS
First, to verify our analysis in Sections III and IV, we employ Monte Carlo simulation methods to numerically study the outage performances of OFDM systems employing persubcarrier and combined selection schemes with three forwarding protocols. Meanwhile, the asymptotic outage performance at a high SNR is also taken into account in our simulations. In particular, we let K = 8, s = 1 (i.e., 0 dB), μ 1 = μ 2 = 2, for all simulations. Meanwhile, we vary M ∈ {3, 5} and ρ 1 = ρ 2 ∈ {0, 0.8} to observe the effects of M and ρ i on the outage performance. The simulation results corresponding to the three relay protocols are presented in Figs. 4-6 , respectively. 6 The outage performance produced by our proposed combined selection scheme is compared with the benchmark outage performance produced by the conventional per-subcarrier selection scheme. Furthermore, the asymptotic curves are given to illustrate the trends of numerical results.
From these three figures, we can summarize some key points with respect to the combined selection scheme. Most importantly, it has been verified that the equivalence principle holds for all three types of relay networks over equally spatially correlated channels. That is, the relay systems employing combined selection can achieve the optimal outage performance as those employing per-subcarrier selection at a high SNR. Meanwhile, the increase in the number of relays M will yield a better outage performance, since larger diversity can be provided. Note, however, that an increase in M does not indicate that the number of utilized relays increases for the combined selection system since |L comb | = 2, whereas only the range of selection is enlarged. As for channel correlation, it is apparent that the diversity advantage of cooperative systems brought by relay selection will not be shadowed by channel correlation, as long as ρ 1 ρ 2 = 1. On the other hand, a higher cross-correlation coefficient, in the first hop or in the second hop, will result in a higher outage probability. In other words, channel correlation has a detrimental impact on the coding gain of a cooperative network. Although we mainly analyze the outage performance in the high-SNR region, some important features of combined selection in the low-SNR region can also be observed from these figures. First, there exists a gap between combined and per-subcarrier selections, which is caused by the difference in the numbers of selected relays and the fact that fading at a low SNR is not dominated by the worst channel. Therefore, a smaller M will lead to a smaller gap at a low SNR and, in particular, it is expected that the gap will be eliminated when M = 2. Moreover, there is not an evident impact by choosing different ρ i values on the performance gap at a low SNR, because channel correlation does not affect the number of selected relays and thus is equivalent to both selection schemes.
In comparison with the outage performances shown in these three figures, we can also have a rough insight into the merits and drawbacks corresponding to three types of relays. First, the outage performances given by DF and VG AF relays are close to each other at a high SNR, which aligns with our expectation, because both have the same asymptotic outage performance [c.f. (20) and (27)]. Moreover, both outage performances are better than the outage performance given by the FG AF case. On the other hand, superiority in outage performance is at the cost of higher system complexity. The former needs to decode received signals at relay nodes, and the latter needs to estimate the channel in the first hop in a real-time manner. The FG AF relay system is relatively simple and retransmits all received signals by a specified and fixed mechanism, which only needs to estimate the average channel gain in the first hop once. Therefore, there exists a tradeoff between outage performance and system complexity among all three types of relays, which should be carefully considered when implementing cooperative networks. To clearly illustrate the outage performances of these three relays, we also simulate the case ρ 1 = ρ 2 = 0.4 for all three types of relays and plot the results in Fig. 7 .
Meanwhile, to reveal the effects of different s values on the outage performance, we can take the DF relay case as an example with fixed M = 3 and ρ 1 = ρ 2 = 0.4. Then, we vary s ∈ {1, 2, 4, 8} and plot the outage performance in Fig. 8 . As expected, a larger s value will lead to a worse outage performance. In addition, s has an obvious impact on the convergence rate of combined selection to per-subcarrier selection; a larger s value indicates that a higherγ value is required to obtain the equivalent performance.
Furthermore, another two extended cases as analyzed in Section V are also numerically simulated, and the results are given in Figs. 9 and 10 , respectively. For the case of antenna selection, we keep all configurations the same as for relay selection, but vary ρ ∈ {0.4, 0.8}, and let N = 1. 7 Meanwhile, for the case of branch selection, we let W = 3 and vary ρ 1 = ρ 2 = ρ 3 ∈ {0.4, 0.8}. In these two figures, the feasibility and the expandability of the equivalence principle are verified. It is obvious that combined selection is not exclusive for antenna selection or relay selection; rather, it is a generic selection 7 The reason for choosing N = 1 is to reduce the total diversity given by MN so that the convergence between numerical results and the asymptotic curve can be clearly shown within a reasonable span ofγ and is thus computationally affordable. In other words, although selection combining at the receiver is analyzed in Section V, it will not be performed in the numerical simulation. algorithm. The equivalence principle can be constructed as long as an OFDM system is given, regardless of the selection nature and channel fading condition. Furthermore, comparing Figs. 4 and 10, it is obvious that the increase in the number of hops will yield a poorer performance, since an outage event is a union of the outage in each hop for DF systems.
VII. CONCLUSION
In conclusion, we have proposed a novel relay selection scheme for OFDM systems by combining conventional bulk and per-subcarrier selection schemes and analyzed its outage performance over spatially correlated channels. Specifically, we carried out the asymptotic outage performance analysis of the combined selection scheme in the high-SNR region and proved a generalized theorem stating that if the conditional cdf of the end-to-end SNR, i.e., F (s|T 1 (k), T 2 (k)), can be expanded as a certain series in variableγ, combined selection is able to achieve an outage probability equivalent to conventional per-subcarrier selection in the high-SNR region. To specify the generalized theorem, we also took three examples of DF, FG AF, and VG AF relay systems for analysis and obtained their asymptotic outage probabilities. By Monte Carlo simulations, our analysis was verified by numerical results. The proposed combined relay selection and the proved theorem in this paper provide a general and feasible solution to the tradeoff between system complexity and outage performance when relay selection is applied, so that the optimal outage probability can be achievable at a high SNR without using the full set of available relays for selection. Moreover, as shown by two extended applications, the proposed theorem and the generic asymptotic expression for outage probability presented in this paper can also be easily extended to other selections or under other channel fading scenarios, as long as their cdfs of end-to-end SNR are obtainable. In particular, the extension of this theorem to a multihop-relay-selection scenario is still an open issue and is worth comprehensively investigating as future work.
APPENDIX A DERIVATION OF ASYMPTOTIC OUTAGE PROBABILITY OF DECODE-AND-FORWARD NETWORKS
According to (17) , we can approximate F (s|T 1 (k), T 2 (k)) at a high SNR by
By (9), we can further obtain
Moreover, we can express
In addition, we can expand the pth-order modified Bessel function of the first kind by [23] 
where Γ(·) is the Gamma function. Therefore, the summation part can be alternatively expressed as
Meanwhile, e −(s/2ψ iγ ) can be also expanded in terms ofγ by [30] 
Therefore, substituting (41) and (42) into (39) yields
Subsequently, substituting (43) into (38) yields the following asymptotic expression for F (s|T 1 (k), T 2 (k)) atγ → ∞:
APPENDIX B DERIVATION OF ASYMPTOTIC OUTAGE PROBABILITY OF FIXED-GAIN AMPLIFY-AND-FORWARD NETWORKS
We can adopt a similar method as proposed in [31] to derive the cdf of the end-to-end SNR over correlated channels and determine
Consideringγ → ∞, we can approximate the outage condition by omitting the higher order terms corresponding to 1/γ and obtain
and thereby have
Now, let us take a close look at the conditional cdf F h 1 (s(γ 2 + μ 1 )/γ 2γ |T 1 (k)). Again, by (9), we can express this conditional cdf as
Therefore, we can perform the similar derivation as we do for the DF case, and the Marcum Q-function can be alternatively expressed as
Meanwhile, we can also expand
Therefore, we can obtain
where 
Because we are only interested in the high-SNR region, i.e., γ → ∞, we can approximate (51) by considering q = 0 and q = 1 only, i.e., 
Now, we can perform series expansion atγ → ∞ and obtain the asymptotic expressions for (51) as follows:
Furthermore, due to the property of a pdf, it is obvious that ∞ 0 f h 2 (γ 2 |T 2 (k))dγ 2 = 1. As a result, by (48) and (59), the asymptotic expression for (47) can be given as
APPENDIX C DERIVATION OF ASYMPTOTIC OUTAGE PROBABILITY OF VARIABLE-GAIN AMPLIFY-AND-FORWARD NETWORKS Similar to the analysis of the FG AF case, we can express F (s|T 1 (k), T 2 (k)) as
Again, we first need to expand s(γ 2 + 1/γ)/(γ 2γ − s) at γ → ∞ to derive the asymptotic expression. Here, we have
Therefore, we can approximate F (s|T 1 (k), T 2 (k)) at a high SNR by
Then, the analysis follows the case derived for DF relay, and the asymptotic expression is given as in (44).
